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g W 84 SR IR T SM AR g T R A AL AR, , I AR Ao T8 A 4 A 45 E 89 miRNA 47 a0 JL R 3815, 947 T ik
BEW kAR VABRNE IR0 EIRPUH] . IR T SRS F ik H) H AR A A K0 miIRNA, RE
Bk W XU A GLP—1 5 AR 3 7 2 48 S 08 F7 P 89 2R, VAR 3T miRNA Wk B 5 fE kB kAo 3] 8 48
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The application prospect of microRNAs in the diagnosis and
treatment of diabetes mellitus*
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Abstract: This review discusses the role of microRNAs and exosomes in the pathogenesis and treatment of
diabetes mellitus. MicroRNAs are a class of small RNA molecules consisting of 21 to 25 nucleotides, which play an
important role in the regulation of gene expression. This review first introduces the synthesis and function of
microRNAs, as well as their dysregulation in a variety of diseases. Next, the formation and composition of exosomes
are explored and how they mediate intercellular communication by carrying specific microRNAs is explained.
Besides, the secretion and roles of insulin as well as the pathogenesis of diabetes mellitus are analyzed. The
microRNAs related to insulin secretion and glucose homeostasis are also discussed. Finally, the efficacy of two
commonly used drugs, metformin and GLP-1 receptor agonists, in the treatment of diabetes mellitus, and their
effects on microRNAs, pancreatic islet function, insulin resistance, and glucose homeostasis are summarized. This
review aims to comprehensively elucidate the relationship between microRNAs, exosomes and diabetes mellitus,
and to provide insights for novel therapeutic targets and strategies.
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S ELAZ A W) ik PR 4 36 K R T R YOG B R Y R T
S 5 B L A A5 B mRINA 254, DT 4 1 2 1
PEEME JE mRNA FEA#Y . miRNA (949 & B L
BB (WL 1) o ZEMEFL P, pri-miRNA 7€ RNA
RAMPol 1 FAEHN , Bifi % FE A 21 DNA-miRNA S
DRI B s S A 20 B AZ P 7= AR P2 AR 19 pri-miRNA AR R
B AR A% R B TN T [T 1R miRNA 78 RNA #4428 &
M Exportin—-5 B 5 B 9% 55 i 2 40 Mo S, 7E B Dicer
MAE H T B 5 miRNA BUHE . miRNA BUEE 1 7 2 4>
B — A& RNA R UURE & RO i 1 %
BN R miRNA . miRNA #1[5 mRNA , 18 i f&

-~ TmRNA 2L

l 1L R

Pri-miRNA S
Pre—miRNA »
A i
A

¥

e

1

A0 WA AR R 3T AR BT 2 I R S . A I AR
Y g 1B 0 (extracellular vesicles, EVs) , A< it | J& 1
#2450 ~ 150 nm (14 20 L S0 28 360, 2 U8 A% AR R 12
() T, O FE 2 48 R 5 o Bl A 1 2o R p o3 i
YR A1 A TR, Ok R 22 I 4 2 BH |, A I A2 40
i ) R £ 2 i i 3 RO X A PN BT A S AL 1) A
JHL 353 T 43 0h A0 A A, AT 3 3 240 D R) AN 4 4R ) S
TR A R AR I AR AN AR A T 4 R LA
(= g R BN A R A (S A A i A R NI el =S 2
IR R N R A R N A D R = e SN
Wi, BB & A AN IAR R Z B (LK 2) . R 2
055 20 0 A 3 e e A 3 0 A R
S 240 L S PR B T — /N S0 7E VS A B AR T B
fift | B B R T L PN A IR A R A LR T TR

fif# 8 mRNA FH0 6] mRNA (1 B 958 1 75 5 30 ] mRNA
2R, Bk, HATIA b miRNA () 3 224E H & i
1F 0T mRINA P 5 A 5 R0 15410 1) ok 100 31 2 10 T (An g
AR AR R R A N TEAE Y ) B A
BN A ROk R 2 B gE R FE AR A L
miRNA A DUV 5 2R 7, angn i agf . 0a v 145
AR B VR 29T 26 T miRNA 76 45 Floge s 19 7 1l
FUA J v e 455 G AR L (B miRNA 7 3% 2655 5
VB DAL ) R LA 53 5 o N T A T B — 2P
5%

W JZAH) miRNA

J]HI]]MQ]IH]]]]]]]II]IEJ

miRNA duplex

miRNA B9 i Fn4E R HLH

W) TG PE 43 F (DNA L miRNA | IncRNA | circRNA
)OI 3) o 22 S5 40 U S A0 L 0 IR R R A s A
R R S i P a B TR o7 B 36 ok 67 28110 4% i
A R 5 RO A B A5 A AT 0 M R4 A S, R
LiRE-Z i EAw i FUR

1 SMfE miRNAE Z FREERRB PR E
Z1EH

HMIAR miRNA 76 K 2 502E W i 72 I 2 902 0
R 5 AP EAE R A S A e I
2 A PR (type 2 diabetes mellitus, T2DM ) . &5 Ifil JE
O I A8 B0 A 22 R Ge AR, A AR R I R
) miRNA A B8 & 2 4 B 81 25 & 1k (polycystic
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ovary syndrome, PCOS) & J&& /) LI B 7, fe il it 5%
FEW, G OR JR BY HM A A AT LLGE o 45 PTEN A
5 10 W IR TBE JUL B 3 38 (phosphoinositide 3—kinase,
PI3K ) /Akv/I L 3l ¥ B WA %5 3 #0545 4 (mammalian
target of rapamycin, mTOR ) {5 5 38 # #  PCOS f %
Ji& | 33 2 R B IO VR 1 A AR 7 A 1) miR—18b—
5p "] LAREAIR PTEN 5[5 3% 55 , 42 i PI3K/Akt/mTOR {5
538 B AL, MT B PCOS® 7 B RE L BE B A

JOPW pNa
A =

. JigpR

CD63
CD9
CD81

SN A= bR )

B, WA 1 2 miRNA 5 18 05 40 i 5316 % DIAH G
IR R 5 IE R KAk R YIRS, A B
FELEI, 22 AN R R 1 A IR miRNA BT 3 2 98 47
A0 B 1 198 5 28 SRR 4 SR E L B 4N ) i R B
200 L R T ok S o R DR O AR DG o AR BR T L 1 4R
N, S AR miRNA A7 At 2 555 4038 0 7 HH A K
AR S R
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2 BREESERFHXR

BRERERAM

Bl DR 2 — 22 [N R M Ve, R AR R AT
TE B AT AEHEAT PR IR 5 ZRARPT , ph T8 5 3K A AR
B 10 BB ACE T o R B 20 A Al
BB T LT K P 2 B T T B 2R 20 A A e R A
AR 2 A I IR 1 s 2 e
WS IZEH -2 BE AR . e 4RI B, R e 4

2.1

ATP S48 i

J T RN L A b e A — RNV EAC N, 3 B = B R
i (adenosine triphosphate, ATP) 34 il , ATP/f H —.
%2 (adenosine diphosphate, ADP) FL{E FH15 . T Ay
ATP/ADP LU A5 50 ATP U8 358 18 G 1], 240 i B
FoAN Ak, R T T R e T A 1 AR G Y O AR
it Ca™ W] N BN o IR N Ca™ Mk B2 (038 - 350 75 B
B 28 10 960 S ) 20 B 1) PN T O 5 A R R G
o BT BN T B 2R R ) A L A, O e i

Wiz S RE A0 M DL #52 HAE AE T LI 4.

i

@ A T I

B4 BREEZBIE

2.2 FREEMIFEVEILS

I K% 3 20H e 308 3 J N 0 VAR e ) A KT R
JBR I 2R 43 W, B IS i 5 2R I v I AR 4
B o [ 5 2 500 T WUIA RN AR 7 20 i 1503 1 e £ R
ZARGE A WO S AR A e 4 T BN I R T A
75 5 35 4 11 -4 (glucose transporter 4, GLUT4 ) 34 i1
FMAE AR UL ) o YR 5 R 540 20 i B | Y
Ji 5 3 A2 ARG AR R AR AL, 2F AR S 0E 0
PI3K, {if 1k 19 PI3K {1k 48 B A5 w5 B Mot UL e 1) 1f 2
b, 77 A A I UL I W 1R AN — R PR % , Akv/PKB 45
P13 ek = B I O A UL s 4 98 2 A 2 YK, 7 4 B BT
IS Ak (19 Aky/PKB 8% 30T 40 ] 2 1 AS160, 410 i
GLUT4 5 {37, BV % AL i PI3K fil % & & GLUT4 (1483
[6] 2000 JE 2 57, 184 im0 i 55 3% TR GLUT4 , 1 i 2H 21
X 4 2 A ) BB, BRI IR

3 mMIRNAZERRFEHHNEEENX

LI 5T R , 15 2R miRNA 7K F 7] B J& T2DM
AW F . S5 E L R I miRNA £k %
Wi R 1 S ) s B AR BR S A 06 . B FoE kM
miRNA 7] DL 52 Wi A2 {4 240 i 7 g I 2R AR 1 1 ) 2
BEACEIS, 4 XTONG A& A 53 52 miR-20b-5p
TET2DM & & hRA B2 L, If i — 20 2 B miR-
20b-5p A 5% 4% FI] 1L 45 P9 B 240 M, 8 16] Wb {5 45
%, DT 70 8 422 40 it T R R I A A R, ek 2% W DR
BOE A O A R A . AR, YAN S5 1o
miRNA 5 B 51 43 Hr i 356 1 R 9 117 190 F1HT 12 1 T2DM
M P 22 5 K B9 miRNA , I3 1 4 R Al
HAFH 2 W T2DM 235 ) miRNA 3%, 278 miR-1249 |
miR-320b Fl miR-527 7] fig j& & J& 1k (1) T2DM A= P b
B . AN, miRNA T R DL T B A 40 A ) D e
P AR E M . FEE L, S 5 A st R fig
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5 RREARMEMENLE

S VL e 5 28 0 00 A LR 30 K 9 T
SR 8 2T R A

4 Z—EHWALSHERTE
41 ZFUAREPEREYLE

Z BN R YT T2DM 19— R 259, H %
Ay, OSUNCE s VR T B A 20K K 5 I
BEBEME R o I IE R 0 R EMF SR EZ—, 18
i 15 OB AS AS T R R AR o Y MR R R
I, 2 2 TR T INE b5 BT A A7, DT A I 1
L N S N1 79 5 AN R R R DR A @
SRR AR, AT R IR KT R RILAAR Y E
RE AR . TEFE AR, 0 8 2 R 0N 40 K A 45
WA AF D AT i, DA 2 D e it AL I T 1R (faty
acids, FA) BYE A HPR R k= SN 2nt, Ha
A 2 B A D A . W S A RN R 5 R, T AT
U Dt e OB S A 2 7 A S 22 ) A 4 B
LA I 4 e MW o 2 e B Rk = ELWE IRk =
JHFJUE 22 AT RE T 4R 7 A WA, X 02— ROk A IR
AR ARARRE . SRR T FA (43 i o ok 2 A TR (R 2E A
A8 AT 5 T ERAEY . H Al A D SO 3= 2
PRI B, 8 5 A8 R S A 3 D AL ol 41 1
WS AR o e FE LR AR T2 e dh, — XU
1 VR /N D RE R B AR i ik 5 ) A o b R
R JE = B R FE K -1 (glucagon-like peptide-1,
GLP-1) FUHI R 73 o B FRVEAISN, XL

HICHA ] 9, 2 JHF O i A0 8] 20 400 Jigs 0 25 b, o2
JEE R Dt O UL PR 2 K A 2 R ) 5 RN R
F ., DI A 2 IR IR KT, LI 6.
4.2 miRNA 7E = B XUAKB& #E1E FA R B4R

M T miRNA 76 9 97 $0 3% (], 40 s 5 &= Hik 4t
(insulin resistance, IR ) g Jif 20 0 A€ T 7 0 A9 O 5
YER, f# miRNA VR A Wb 2 9 a5 1 0 40 e IR
s S HL I i v R B R B 32 B 6T . S —TF
I, ZHOBUIE S —RhBE RS 259, © gk uk Wl Al DA
WU K miRNA 1Y 3k, DT & #5078 1 I3 47
PR,
4.3 miR-221.miR-222

LA 57 & B0 HOSUIIC AT 52 i T2DM J8 35 71 20
miRNA [R5 #lan, 12 miR-221, miR-222 7K
5 UM ) 2 A G, 5 A R iR
FOBUIIC YR8 A B, RO — OB A) R 3 5
% T EH miR-221 . miR-222 Fl miR-140-5 # 7K F,
FERAHN T p27Kipl mRNA Y #3677,
4.4 miR-16.miR-155

O HUNCES I BH AT 4 i i JRR g T X IR
R ICAZ B A L AR 7 AR RS2 . DIAZ 5P B
FEAE WY, OHORUIRRT DA 3o 5 S S T
JoomEonE B 2 B
deaminase, AID) B FRIASRMCEFIKE B 40T Th GEAN
PEW NI . T AID 5 B 4 47 28500 % 4 Ak 41
it 5% A5 ) e D SR E R DG, T IR AR SR RN T AR

(activation—induced cytidine
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FEREE M
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AR Hlh FURR

ANEN =2
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AT EM, DIAZ P HE— 5 T = H BUIK
X B 4 i miR—155 1l miR—16 #E 3k B 52 0, 5256 45
R, 7E WU 44, miR-155 F1 miR-16
TR BET M, 92 miR-16 ] DL AR E47 &% 55
KT R ZRIA, 10 E47 X5 T AID ) 33K FI e 74 5 07 Ji
HELEE, A, miR-155 5 AID mRNA F#H
HAER MR, Bk, R UNGE i
miR-155 Fl miR-16 %3k, #EMIFEAL E47 % 5% -1
Fik, T/ B YN ER A AE AN AID ik, g
FPR S B 4 D) 8 Tl B 958 1 2 -
45 miR-147

THOBUICE Bk E B AT S 2 T2DM S miR-147
i B Ik . MOEEZ %PWF 5% & 8K, 5 = WA Y
TGS 2H A E BE A AR e, — H XSUIYE I7 A v 4 8
F Il & F microRNA-147 £ 5 FF & o M 4h, X
SLC22A3 K& [H (1 2 72 B PCR ik oM K 3, IR —
XA (4 2 3% SLC22A3 mRNA (1432 35 B A% T o Ath
. B, AR = FOSUICH) T2DM B8 35 o miR-147 i
Fik 5 SLC22A3 H K R I8 T 4% UJ A & . miR-147
A PLAE [A] SLC22A3 mRNA ) 3' UTR , miR-147 84>
FE(SLC22A3 mRNA F ik Z M, sbsh, A 0F 5%
FEH, — 2y an — HSUNEY 2458802 32 47 BILFH B 1
s R TR 3K SR s B AT 3
5, o oCT3 i F Y K 6q26. 6q27 1
SLC22A3 HEH 4w g™ . K, miR-147 7£ T2DM 3
M3 i ik, 38 A ] SLC22A3 JE A [ & 1k, 1k 1
A HLRH B 75512 8 11 OCT3 \Na [ 21k, i —
UG 7 35K

4.6 miR-126.miR-29a.miR-451 #1 miR-26a

DENG 25 i Ff — H XUBRAE J B b 2 2% 254
TA FHORR XM F g R BRI 52 i, &5 5 SR — H RUIR
YA T BEAR TR PR s R BRI BE A R SRBE IR 7 L Al
LA 2R -6 7KV, I HOE 7 A0 A AH G miRNA [ 3%
ik o ZOHBUNCS BOBE PR % K B IE o miR-126 F1
miR-29a 3% ik FE AL, #F — 2D 0F 5% 3% B miR-126 Al
miR-29a 2 5 IRS-1/PI3K/Akt {5 51 # , 5 miRNA
P Ik B ZEARPTAOBE A OC o TRS-1 9 3R 3K %2 miR-
126 F1 miR-29a 0l . o5 —J7 1, —H BUIKIc 2 5
AT SCSHE 2R O L Ml 1R 0 P X D ) R 28 28K g A
AKT-FO {55 3 #% 1) mRNA 35,

5 GLP-15#KR%

51 GLP-1.GLP-1R

GLP-1 /& —Fi th /N L4 f 53 I8 i i % o 4
WA R — PR IE T B W R 0 ik, 72 2 R AR
NREH R FEOCHAE I . HAEZ R D e b R 45
AR, A AE IR AR AR R AR R S R S
MHCRAE I A MERRAS o T 01 BR 1 >
JI v 0 2R 430 b 3 AT LA ek AN ] B AL ek
JIE & 2R AR B A 0 DRI R R R = TR YT R
PR e EEL R 25 ) 22— T e B AR 1 52 4K
(glucagon-like peptide—1 receptor, GLP-1R) ¥z F# ik
TR A A, T 258 0 T IR & 4, B Rk
TRy o AU YR TE R, YRR
L 40 Jf3 53 W GLP-1, 43 WA 19 GLP-1 38 2 1fiL Vit 3 % %)
PLR A L1200 5 AH N Y 32 18 GLP-1R 254, AT ™

“Ha
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Az % Tl A BRSOV, R WL A A 2 6 AR A A (I
V7)o i 200 6 8 B R 358, 300 ) 240 6 00, 4 i e
g MUK 2870, WA LW /PR FEANRI S0, GLP-
1n] DU e JUL P 2 2R I B 25 A S0/ s L A
2 20 1 45 B A S ORUR RS GLP-1 m] RLd i 5%
Wi B KA IS HES R R s ) S R ALR Y
H A, GLP-1 38 7T LA 3k R BT & B, 410 il

I T 3 ik, ATV 384 112 26 0, AR ARG LW A
SR T A R Y 2, GLP—1 &L mT L A fA E ™ i
A e EE T GLP-1 38 i B2 Wi £ Ak A GR 1F HE=S )
il Jom Bl 3 45 A B A i A i 4 A LA SR
Yy I (4 A, DA 3K B 8 A9 H R, 31X R TR F
(9 GLP—1 2 2 i 5 5 B 300 41 i 17 0 ik B T 334 1 7
2 WA FE R AR LR A P 1) A2 BEAE T AN T

a
ﬁh‘%{zf
ikl Fos >
W%% NN
\ ﬁ%ﬂﬂgﬁ 'Ji;‘;}f;\ / L
GLP-1
AT gt = \
et et t e AP S o |
el |
s “!’.‘_‘ &A/J\ r,‘ 'i‘ : (]
Y B oo 1y aﬁ:ﬂfmﬁ E&Hﬁgﬁﬁ i
L TRV L) ST IbE Ry
Ezmﬂmﬁt & w1 ¥

E7 GLP-1H%E{EA

5.2 miRNAZE GLP-1RA {EF F Yk I

H 1ii GLP-1R % 2 71 5 73 W6 28 9% A N 23697
T2DM 1Y F 57 9, GLP-1R ¥ 3h 7 5& —F0 H T8
J7 T2DM ) 43 W 22 25U o Bk bR 22 1 TE 4 22 B
HXF miRNA 384 52, 1] LAY 29~ miRNA 193
Ik, WA O JE miRNA 3R 3K 7K T & Bl R A% Y
R
5.3 miR-139-5p

O A BT, miRNA—139-5p 2= 5 98 42 Jit 83 41
MBI T . A WFSE SR, GLP-Ra— FI 7 & Ik AT LA
U I A R MR IR 2 R I 5 4 R AR TR A T
S ¢ 9 B B A i A =X S 1 Rl Western blotting YA
T 5 DA TR 5% 2% A2 AR IS W -1 1) mRNA K 3R 35
iF & B, A $7 KR 38 miR-139-5p, 7] 5 £ mRNA
PR R IRIG . BeAh, 5 x5 BALAE L, B PR K
B AR 2H 21 miR—139-5p 3k Tt m , 10 F 7 6 ik Ak 3
J& miR=139-5p &35 B,
5.4 miR-192

W R 995 B 9% (diabetic nephropathy, DKD ) S ## &

o5 (4 I BAE 22—, FEIE RIG YT T & 3 GLP-1Ra- 3 %€
AR K6 97 DKD &R R4, B4R AL s A B 4
JIA SEWIRIESE e L, 55 B0 0 v AR Ak B ) HK-2 448 i AH
FE , S ZETIR J RN 5 B 7 4D B A HK=2 20 i K PR ) EVs
B OE H 1Y HK=2 48 Jf £8% B, 52 350 FN Al Col-1 /K P
R o AN v A RN 3 FE IS Bk T Ah 3L DA p53 AR A
3 FFAR HK-2 20 i A0 40 A0 3 v miR-192 [ 363k .
5, JIA SR I B 3L ZE I8 ARG 4F miR-192-GLP-
IR % 0 B 21 A AL, 48R SCE B AR % GLP-1R
) BT 38 J% , S IR JOR 3 L 0 <) 4 A0 5% 9 miR-
192 {4 F2 3K, NIt F 8 GLP=1R SRk 42 5 41 il .
U, 3CSETIR IR FT BB 38 2 8 45 miR-192 11 3k & #5 F
HELR 3P 1

T HOSUIICRT GLP-1 32 44 38 3 350 24 02 H i I IR
1RYT T2DM A9 B 18 Fl— 2 259, HLANHT SCRT iR, A uE
T oW R 96 24 W0 A 2 5 IR AR | et e 1 2 UK
PR 5 D) RE 5 O T 5 miRNA £k V1M G . 1
A, Fe T B 5T & B F SUNIER RT3 B i RE L
FHOSUIIC A e o 375 2 38 3 B2 PR 4% miRNA R A &
(1, miRNA A] DLk — 25 70 A U Bl s wir i b4
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W LA FE W 2 iF g KW, GLP-1 2K 34 3h
7 AT 30 2 15 1T miRINA 2856550 LA 9 5 3K 45 o

6 REHEI=

miRNA 3 5 5 #1 mRNA 25 & 3 5 i JE R 22 15
V55 mRNA B i sl ) 25 11 BHE . B, A28
DNA i 3175 48 11 45 000 > miRNA &5, 5% 0 i
60% 1) 2t 5 JE PRI AH Jz , 22 i ik R 3R 3K 1) 9] 42 %)
NBEFBR I L KRBT, MR —
FIAS P55 6 M A SR R , L AR SR R R i i L
FAERAE BRI N R LT R R, B R
(R AT T B2 R B 3R T RT3 7 SR s, LA DR 28 X
o7 N R 55 A B I . TR DR s XU A AR
O, PR LT AT 6 s A SR R A BH Ak e Y A
1 & R, Ikt G bl o AH OGO e B, TRt
7 LB 12 T 5k E R 2R B 2 RS M AN [ A
=B BE PRI , T 28 AR AR S T B R
A, LU 30 150 07 A0 R 38 . DR S i 20 R
FRIE B B 0 A TE R 5 P miRNA (9 22 5 3%
ik, SRR EA R REIMSE ., XN A5 i
AW PR e N L T R T T A,
miRNA S5 1) e 5 328 B8 Ay 37 % 24 W0 76 s IR IR 9T
(1 AL B ST S0 T3 0 WL . —H BUIK L GLP-1
S 2y n] LA 5 45 i A OC miRNA 19 2635, DA I 52 i)
AH G T8 6, o5 e 5 AR . Bk, R
S T 2 B i) 4% b B B9 miRNA 25 B 42 43E 1 BOp K
Pt , S HAR AL TR B9 ]

1 RUBE PRI S IR A — e — R 241
B B g, 2 JLE A AR, 1A
W PRI JC VL A AL, SR A KM R 5 3R A
FVRYT BB vk AN g B 35 3% S a0 W ) N VR
ARG ) IEETF R . o 2B, miRNA
T 19 8 20 R T T R PR AR . A
-, miRNA 2 5 40 i 53 Ak R 2y BE A2, 18595 1B i
3 WA R A A3, T 55 TR R 200 43 B R 1% U0 A
Ko BRI, miRNA N BETE ML h R 2 A- 7, 5 5 1
I 3% M % TR e DR R i, E i b WA A A 2 Y
miRNA 7E 96 5 Hh i B AR, BAL U v 3 2o 43 00 75 AH
5 miRNA [ 40 I R Sk 7 R4 il A AR 19 A 65 3
A AL, I 38 2 o S i, DA T 2 AT 40 ] N 4
ZUE) 15 BLASH . LAl , miRNA J2 A1 Wb A 2 4% 1) 1%

Y1z — , SN UAATE 20 AN 4L 2 2 1) B 4 B A Bt 3
B MR ) miRNA 45216 o P, Kok 2= AT RE
XF 4 E 1 miRNA #E47 g, {ff miRNA ELA {2 2 [ i
200 it 2 5 R4 S G OR T AR L SR i A A
WRAE Jy i 38 B AR, st I R % 1 A e B IR TR, &
PR A BN, ARAS 387 1 B PR

7 BZ

miRNA 38 & 15 5 U0 & & K 08 5L B %
mRNA 338 i 5 mRNA 45 4 0 ] mRNA 19 B 12 8 2
K RZ M BE R Rk, R R EZER T HF. A
miRNA X 8 200 J (7% 9] 45 J2 38 Ao A1 00 Ak 55 43 0 55 3
(R, 90 9 R 7 2 2 B A0 b A b, DT R AR A B
v, I L s S0 A LA 0 R R R HE T R
R 2238 () TR AE T o AR SCEE 20 AR T miRNA 79 1
FEALH A T8 8RN 43 WAL, DA B A1 WA Y
YA AL 38 T A0 R T O R B & L
il LA KW PR s i e B L %) 2R TR B 2R 04 A B R R
BEHLED, 5 I8 7 JE & 25 76 R OB AR S b i B AR
W B e A 8T B R IR T I 2 W A — 2k
B IH 254 (%) B A BRAE D, 48 T H AR IR IR T
(4935 [H 254 — F SUNCRT GLP—1 32 44 38 sl 3] ml ke 3 A
PRI R DG 1 g J 240 M 1) 6, SRR 5 3R 43,
JoR 5 ZR AP . miRNA AJ A Sy i 35 if 5K %5 ik = & A
E 16 R AH SC T8 bR L 2590 JF & I R 3L IR AR 4 A
YLl R AR Ia iR TT R I

P

g

% X B

[1] CORREIA de SOUSA M, GJORGJIEVA M, DOLICKA D, et al.
Deciphering miRNAs' action through miRNA editing[J]. Int J Mol
Sci, 2019, 20(24): 6249.

[2] SHENOY A, BLELLOCH R H. Regulation of microRNA

function in somatic stem cell proliferation and differentiation[J].

Nat Rev Mol Cell Biol, 2014, 15(9): 565-576.

[3] KOZOMARA A, BIRGAOANU M, GRIFFITHS-JONES S.

miRBase: from microRNA sequences to function[J]. Nucleic

Acids Res, 2019, 47(D1): D155-D162.

SRAR, Wh/INHE . IS5 T2 B A L I T 5 B R RS (D). v

EBURE A4, 2021, 31(6): 79-84.

YUAN F L, WU Q Y, MIAO Z N, et al. Osteoclast-derived

(4]

(51
extracellular vesicles: novel regulators of osteoclastogenesis and
osteoclast-osteoblasts communication in bone remodeling[J].
Front Physiol, 2018, 9: 628.

[6] JEPPESEN D K, FENIX A M, FRANKLIN J L, et al

« 73



FpIE AR ek o5 34 4
Reassessment of exosome composition[J]. Cell, 2019, 177(2): 428- mellitus[J]. Nat Rev Endocrinol, 2019, 15(10): 569-589.
445.e18. [23] HE L. Metformin and systemic metabolism[J]. Trends

[71 LIC,NI'Y Q, XU H, et al. Roles and mechanisms of exosomal Pharmacol Sci, 2020, 41(11): 868-881.
non-coding RNAs in human health and diseases[J]. Signal [24] LAMOIA T E, SHULMAN G I Cellular and molecular
Transduct Target Ther, 2021, 6(1): 383. mechanisms of metformin action[J]. Endocr Rev, 2021, 42(1):

[8] JIANG X, LI J Y, ZHANG B Q, et al. Differential expression 77-96.
profile of plasma exosomal microRNAs in women with polycystic [25] BAUER PV, DUCA F A, WAISE T M Z, et al. Metformin alters
ovary syndrome[J]. Fertil Steril, 2021, 115(3): 782-792. upper small intestinal microbiota that impact a glucose-SGLT1-

[9] ZHOU Z, TU Z H, ZHANG J, et al. Follicular fluid-derived sensing glucoregulatory pathway[J]. Cell Metab, 2018, 27(1):
exosomal MicroRNA-18b-5p regulates PTEN-mediated PI3K/Akt/ 101-117.e5.
mTOR signaling pathway to inhibit polycystic ovary syndrome [26] WANG G, LIN F, WAN Q, et al. Mechanisms of action of
development[J]. Mol Neurobiol, 2022, 59(4): 2520-2531. metformin and its regulatory effect on microRNAs related to

[10] THOMOU T, MORI M A, DREYFUSS J M, et al. Adipose- angiogenesis[J]. Pharmacol Res, 2021, 164: 105390.
derived circulating miRNAs regulate gene expression in other [27] COLEMAN C B, LIGHTELL D J Jr, MOSS S C, et al. Elevation
tissues[J]. Nature, 2017, 542(7642): 450-455. of miR-221 and -222 in the internal mammary arteries of

[11] SUN Y, ZHOU Y C, SHI Y, et al. Expression of miRNA-29 in diabetic subjects and normalization with metformin[J]. Mol Cell
pancreatic 3 cells promotes inflammation and diabetes via Endocrinol, 2013, 374(1/2): 125-129.

TRAF3[J]. Cell Rep, 2021, 34(1): 108576. [28] DIAZ A, ROMERO M, VAZQUEZ T, et al. Metformin improves

[12] AL4H, 5, B, 4 . B WS Z iRk iayr dHEBE T2DM in vivo and in vitro B cell function in individuals with obesity
SRR B A AR T A 1 52 [J]. v AR B A 2R A, 2021, and type-2 diabetes[J]. Vaccine, 2017, 35(20): 2694-2700.

31(10): 84-88. [29] FRASCA D, LANDIN A M, LECHNER S C, et al. Aging down-

[13] SIMS E K, CARRALJ, ORAM R A, et al. 100 years of insulin: regulates the transcription factor E2A, activation-induced
celebrating the past, present and future of diabetes therapy[J]. cytidine deaminase, and Ig class switch in human B cells[J]. J
Nat Med, 2021, 27(7): 1154-1164. Immunol, 2008, 180(8): 5283-5290.

[14] LEE S H, PARK S Y, CHOI C S. Insulin resistance: from [30] FRASCA D, DIAZ A, ROMERO M, et al. MicroRNAs miR-155
mechanisms to therapeutic strategies[J]. Diabetes Metab J, 2022, and miR-16 decrease AID and E47 in B cells from elderly
46(1): 15-37. individuals[J]. J Immunol, 2015, 195(5): 2134-2140.

[15] JIMENEZ-LUCENA R, CAMARGO A, ALCALA-DIAZ T F, et [31] MOEEZ S, RIAZ S K, MASOOD N, et al. Evaluation of the
al. A plasma circulating miRNAs profile predicts type 2 diabetes rs3088442 G>A SLC22A3 gene polymorphism and the role of
mellitus and prediabetes: from the CORDIOPREV study[J]. Exp microRNA 147 in groups of adult Pakistani populations with
Mol Med, 2018, 50(12): 1-12. type 2 diabetes in response to metformin[J]. Can J Diabetes,

[16] JIMENEZ-LUCENA R, ALCALA-DIAZ J F, RONCERO- 2019, 43(2): 128-135.¢3.

RAMOS 1, et al. miRNAs profile as biomarkers of nutritional [32] CHENE C, LIANG X M, YEE S W, et al. Targeted disruption of
therapy for the prevention of type 2 diabetes mellitus: from the organic cation transporter 3 attenuates the pharmacologic
CORDIOPREYV study[J]. Clin Nutr, 2021, 40(3): 1028-1038. response to metformin[J]. Mol Pharmacol, 2015, 88(1): 75-83.

[17] XIONGY, CHEN L, YAN C C, et al. Circulating exosomal miR- [33] DENG N, GUO R X, ZHENG B S, et al. IRS-1/PI3K/Akt
20b-5p inhibition restores Wnt9b signaling and reverses diabetes- pathway and miRNAs are involved in whole grain highland
associated impaired wound healing[J]. Small, 2020, 16(3): barley (Hordeum vulgare L.) ameliorating hyperglycemia of db/
€1904044. db mice[J]. Food Funct, 2020, 11(11): 9535-9546.

[18] YAN S Y, WANG T Q, HUANG S W, et al. Differential [34] YANG W M, JEONG H J, PARK S 'Y, et al. Induction of miR-
expression of microRNAs in plasma of patients with prediabetes 29a by saturated fatty acids impairs insulin signaling and glucose
and newly diagnosed type 2 diabetes[J]. Acta Diabetol, 2016, 53(5): uptake through translational repression of IRS-1 in myocytes[J].
693-702. FEBS Lett, 2014, 588(13): 2170-2176.

[19] SCHERM M G, DANIEL C. miRNA regulation of T cells in islet [35] MA X X, LIU Z H, ILYAS I, et al. GLP-1 receptor agonists
autoimmunity andtype | diabetes[J]. CurrDiabRep,2020,20(9): 41. (GLP-1RAs): cardiovascular actions and therapeutic potential[J].

[20] FLORY J, LIPSKA K. Metformin in 2019[J]. JAMA, 2019, 321 Int J Biol Sci, 2021, 17(8): 2050-2068.

(19): 1926-1927. [36] SAIKIA M, HOLTER M M, DONAHUE L R, et al. GLP-1

[21] RUI L Y. Energy metabolism in the liver[J]. Compr Physiol, receptor signaling increases PCSK1 and B cell features in human
2014, 4(1): 177-197. a cells[J]. JCI insight, 2021, 6(3): 141851.

[22] FORETZ M, GUIGAS B, VIOLLET B. Understanding the [37] WEI R, CUI X N, FENG J, et al. Dapagliflozin promotes beta

glucoregulatory mechanisms of metformin in type 2 diabetes

74

cell regeneration by inducing pancreatic endocrine cell



&

24

)%, % : MicroRNA ZEMEIGIZIA F AN HT 5

[38]

[39]

[40]

[41]

[42]

[43]

[44]

phenotype conversion in type 2 diabetic mice[J]. Metabolism,
2020, 111: 154324.

WANG N S, TAN A W K, JAHN L A, et al. Vasodilatory actions
of glucagon-like peptide 1 are preserved in skeletal and cardiac
muscle microvasculature but not in conduit artery in obese
humans with vascular insulin resistance[J]. Diabetes Care, 2020,
43(3): 634-642.

DRUCKER D J. Mechanisms of action and therapeutic
application of glucagon-like peptide-1[J]. Cell Metab, 2018, 27(4):
740-756.

WATT M J, MIOTTO P M, DE NARDO W, et al. The liver as an
endocrine organ-linking NAFLD and insulin resistance[J].
Endocr Rev, 2019, 40(5): 1367-1393.
DRUCKER D J. GLP-1 physiology
pharmacotherapy of obesity[J]. Mol Metab, 2022, 57: 101351.
GILBERT M P, PRATLEY R E. GLP-1 analogs and DPP-4
inhibitors in type 2 diabetes therapy: review of head-to-head
clinical trials[J]. Front Endocrinol (Lausanne), 2020, 11: 178.
CHEN J, YU Y, CHEN X L, et al. MiR-139-5p is associated with
poor prognosis and regulates glycolysis by repressing PKM2 in
gallbladder carcinomal[J]. Cell Prolif, 2018, 51(6): e12510.

JIAY J, ZHENG Z J, GUAN M P, et al. Exendin-4 ameliorates

informs  the

high glucose-induced fibrosis by inhibiting the secretion of miR-

192 from injured renal tubular epithelial cells[J]. Exp Mol Med,

75

[45]

[46]

[47]

(48]

[49]

2018, 50(5): 1-13.
ZHANG Y Q, CHEN R F, DENG L L, et al. The effect of
metformin on the proliferation, apoptosis and CD133 mRNA
expression of colon cancer stem cells by upregulation of miR
342-3p[J]. Drug Des Devel Ther, 2021, 15: 4633-4647.
KOSAKA N, IGUCHI H, YOSHIOKA Y, et al. Secretory
mechanisms and intercellular transfer of microRNAs in living
cells[J]. J Biol Chem, 2010, 285(23): 17442-17452.
FRIEDMAN R C, FARH K K H, BURGE C B, et al. Most
mammalian mRNAs are conserved targets of microRNAs[J].
Genome Res, 2009, 19(1): 92-105.
International Diabetes Federation. IDF diabetes atlas 2021[EB/
OL]. [2023-06-09]. https://diabetesatlas.org/atlas/tenth-edition/.
FRORUP C, MIRZA A H, YARANI R, et al. Plasma exosome-
enriched extracellular vesicles from lactating mothers with type
1 diabetes contain aberrant levels of miRNAs during the
postpartum period[J]. Front Immunol, 2021, 12: 744509.

(R ikt

RS AR Mk, RLH . MicroRNA TEHEIRIFIZIE Y b7
FHRTS). s EIBREE I8, 2024, 34(2): 66-75.

Cite this article as: XIANG F, WU H Y. The application prospect
of microRNAs in the diagnosis and treatment of diabetes mellitus[J].
China Journal of Modern Medicine, 2024, 34(2): 66-75.



